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(54) Etching high aspect contact holes in solid state devices 

(57) Contact holes through a dielectric are formed 
by forming a layer of polysilicon having a thickness 
between 0.02 urn and 0.15 urn inclusive on the dielec- 
tric, forming a layer of resist having a thickness between 
0.4 urn and 0.6 um inclusive on the layer of polysilicon, 
making a mask of the layer of resist, using it to form a 
mask in the layer of polysilicon and etching contact 
holes in the dielectric by exposing it to etching gasses 
through the apertures in the polysilicon mask. When the 
dielectric includes a layer of oxide adjacent the polysili- 
con mask and a layer of nitride between it and elements 
of the device, the resist mask is removed prior to etching 
the contact hole and a gas mixture of: C 4 F 8 ; one of Ar, 
H, F; CO; CF 4 or C 2 F 6 is used. Contact holes are made 
through a dielectric to conductors in a substrate by the 
same method, and desired cross sections are obtained 
by using a second resist mask and a selective etch for 
the polysilicon followed by a selective etch for the die- 
lectric. These structures can be stacked and suitable 
interconnections made by the described method. Con- 
tact holes to gate electrodes can be etched using the 
basic process. 
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Summary of the Invention 



Field of Invention 

This invention is in the field of manufacturing solid s 
state electrical devices. 

Background of the Invention 

Elements of solid state devices are generally 10 
formed near the surface of a silicon substrate and cov- 
ered with a layer of dielectric. Electrical connections to 
the elements are made by filling contact holes etched 
through the layer of dielectric with metal. Etching the 
contact holes by exposing the dielectric to appropriate 15 
gasses in a plasma through openings in a resist mask is 
sometimes uncontrollable because the carbon liberated 
from the resist mask forms a polymer in the contact 
holes that terminates the etching process before the 
. contact holes reach a desired element. 20 

In order to overcome this problem, a layer of polysil- 
icon has been formed on the dielectric layer and made 
into a mask having apertures therein by exposing it to 
etching gasses through openings in a resist mask that is 
formed on top of it. The resist mask is removed and the 25 
contact holes are etched into the dielectric by exposing 
it to suitable ionized gasses through the apertures in the 
polysilicon mask. Because the resist mask is not 
present during the latter process, less carbon is pro- 
duced and less polymer formed. Examples of this proc- 30 
ess are described in: U.S. Patent No. 5,028,550 issued 
on 7/2/91 and entitled "Method of Manufacturing Semi- 
conductor Device; U.S. Patent No. 4,473,435 issued on 
9/25/84 entitled "Plasma Etchant Mixture" and U.S. Pat- 
ent No. 5,279,989 issued on 1/18/94 and entitled 35 
"Method For Forming Miniature Contacts of Highly Inte- 
grated Semiconductor Devices." 

As the dimensions of devices in a direction parallel 
to the substrate decrease, there is a need for the diam- 
eter of contact holes to be reduced. As noted in the U.S. 40 
Patent No. 5,279,989, there is a limit to the minimum 
diameter of contact hole that can be attained using the 
resist masking process because the minimum diameter 
of the apertures formed in the polysilicon mask is too 
large. Although not stated in the patent, this diameter is 45 
0.6 urn when standard techniques are used. In order to 
effectively reduce the diameter of the apertures in the 
polysilicon mask in accordance with this patent, the 
resist mask used to form the apertures is removed and 
the new exposed polysilicon mask is coated with silicon so 
dioxide. The silicon dioxide layer is then entirely 
removed except for the portion of it in contact with the 
inner edges of the apertures, which is referred to as a 
spacer, by a blanket etching process, but the polysilicon 
layer is not affected. Access holes are then etched in 55 
the dielectric by exposing it to etching gasses through 
the spacers that have a smaller diameter than the aper- 
tures in the polysilicon mask. 



In accordance with this invention, contact holes 
having a diameter less than 0.25 urn and an aspect ratio 
of greater than 8:1 are formed by a much simpler and 
therefore less expensive process than that of the U.S. 
Patent No. 5,279,989 described immediately above. 
Whereas a resist mask customarily has a thickness of 
0.8 urn to 1 .5 urn and the polysilicon mask customarily 
has a thickness of 3 urn, the thickness of the resist mask 
used in this invention is between 0.1 urn and 0.6 urn 
inclusive and preferably, the thickness of the polysilicon 
mask is between 0.02 urn and 0.15 urn inclusive. The 
apertures in the polysilicon mask are etched, for exam- 
ple, by exposing the polysilicon to ionized gasses such 
as HBr, HCI and SF 6 through the openings in the resist 
mask. The resist mask may then be removed, and the 
contact holes etched in the dielectric by exposing it 
through the apertures in the polysilicon mask to ionized 
gasses that etch the dielectric more rapidly than they 
etch polysilicon i.e. they selectively etch the dielectric 
with respect to the polysilicon. 

In accordance with another aspect of this invention 
the gasses used for etching contact holes in a device 
having a dielectric comprised of a layer adjacent the 
substrate made of nitride and a layer on the nitride of sil- 
icon oxide include a mixture of C 4 F 8 , one of such gas- 
ses as Ar, He and Ne, CO, and one of CHF 3 , CF 4 and 
C 2 F 6 . Using these gasses produces an etching rate in 
the silicon oxide that is thirty times greater than the 
etching rate in nitride, thereby ensuring that the nitride is 
not etched so as to destroy the device before the con- 
tact hole is fully etched. These gasses also etch the sil- 
icon dioxide at a rate that is fifty times greater than the 
rate at which they etch the polysilicon mask, thereby 
ensuring that the apertures in the polysilicon mask are 
not enlarged significantly before the etching of the con- 
tact hole is completed. This is important because 
enlargement of the apertures in the polysilicon mask 
would increase the diameter of the contact holes. 

In accordance with another aspect of the invention, 
contact holes are etched into a device having a dielec- 
tric layer of nitride or oxide that is separated from the 
substrate by successive layers of sillicide and doped 
polysilicon in the following manner. As before, succes- 
sive layers of thin polysilicon and thin photo resist are 
formed over the dielectric layer, and the photo resist is 
formed onto a mask having openings where the contact 
holes are to be located. Apertures are formed in the 
polysilicon by exposing it to HBr, HCI or SF 6 chemicals 
through the openings in the resist mask. Then the por- 
tions of the contact holes in the dielectric layer are 
etched by exposing it to CHF3/CF4 or C 4 F^CF 4 ionized 
gas through the apertures in the polysilicon and the 
openings in the resist. At this point the photo resist 
mask is stripped, and the etching with one of the afore- 
said ionized gasses is resumed to etch the contact 
holes through the sillicide and doped polysilicon layers 
to the substrate. >> 
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In accordance with still another aspect of the inven- 
tion, interconnections between transistors ma/ be fabri- 
cated by filling the contact apertures with metal, 
polishing the surface of the metal, removing the extra 
metal as well as the poly mask, and finally stopping at 
the dielectric layer. Another device can be formed in the 
added dielectric and connected to the previous device 
by contact holes formed as described. 

Brief Description of the Drawings 

Figs. 1 A through 1 F, illustrate steps in a method for 
etching contact holes in a device having nitride and 
oxide dielectric layers; 

Figs. 2A through 21 illustrate steps in a method for 
etching contact holes for multilayer thin film inter- 
connections; and 

Figs 3A through 3D illustrate steps in a method for 
etching gate electrodes. 

Detailed Des cription of the Invention 

Figs. 1 A through 1F illustrate steps in a method for 
etching contact holes in a solid state device such as a 
DRAM that is comprised of a substrate 2, gate elec- 
trodes 4, 6 and 8 and two dielectric layers, 10, which is 
made of nitride, and 12, which is made of oxide. Like 
components are designated by the same number in 
these figures. 

Fig. 1 A shows the addition of a thin polysilicon layer 
14 that is between a 0.02 urn and 0.15 urn inclusive. 

As shown in Fig. 1 B, a layer 16 of photo resist has 
been formed on top of the layer 14 of polysilicon, and in 
Fig. 1C openings 18 and 20 have been formed in the 
photo resist layer 16 by known lithographic procedure to 
form a resist mask. Note that the polysilicon layer 14 is 
not affected. 

Fig. 1 D illustrates the formation of apertures 22 and 
24 in the polysilicon layer 1 4 by exposing it to HBR, HCL 
or F chemicals through the respective openings 18 and 
20 in the resist mask formed from the layer 16 of resist. 
Note that the oxide dielectric layer 12 is not affected. 

As shown in Fig. 1E, the resist mask formed from 
the resist layer 16 has been removed and the contact 
holes 26 and 28 have been etched through the oxide 
layer 12 to the nitride layer 10 to the substrate 2. The 
etching is performed by exposing the oxide layer 12 to 
one of the gas mixtures C 4 F 8 and one of Ar, He, He and 
CO and one of CHF 3 , CF 4 and C 2 F 6 . These mixtures 
etch the oxide layer 1 2 at a rate that is about thirty times 
as fast as they etch the nitride layer 10 so that the con- 
tact holes 26 and 28 are rapidly etched down to the 
oxide layer 10, as illustrated in Fig. 1E, without much 
affect in the nitride layer 10. Then, as shown in Fig. 1F, 
the contact holes 26 and 28 are etched farther so as to 
make contact with an appropriate element in a solid 
state device contained in the substrate 2 without dam- 
aging the device. At the same time, such mixtures of 
gasses etch the oxide layer 12 at a rate that is fifty times 



as fast as they etch the polysilicon layer 14, thereby per- 
mitting the contact holes 26 and 28 to be completely 
etched without significant enlarging of the apertures 22 
and 24 in the polysilicon mask formed from the polysili- 

5 con layer 1 4 and thus enlarging the diameter of the con- 
tact holes 26 and 28. 

Reference is now made to Figs. 2 A through 21 for a 
description of how contact holes can be formed in a 
multilayer thin film interconnections in accordance with 

10 this invention. Like components are designated by the 
same number in these figures. 

As illustrated, the thin film interconnections are 
comprised of a first silicon layer 30 having spaced par- 
allel conductors 32 and 34 embedded in one surface 36 

is thereof and a layer 38 of dielectric that is contiguous 
with the surface 36. It is desired to etch contact aper- 
tures through the dielectric layer 38. In accordance with 
the invention, this is done in a manner similar to that 
previously described in connection with the Figs. 1A 

20 through 1 E. As shown in Fig. 2A, a thin layer 40 of poly- 
silicon that has a thickness between 0.02 urn and 0.15 
urn inclusive is formed on the dielectric layer 38 and, as 
shown in Fig. 2B, a thin layer 42 of photo resist, e.g. 0.4 
urn to 0.6 urn inclusive in thickness, is formed on the top 

25 of the polysilicon layer 40. 

As shown in Fig. 2C. openings 44 and 46 have 
been formed by lithographic techniques in the resist 
layer 42 to form a resist mask. Then by use of HBr, HCI 
or SF 6 gas, apertures 48 and 50 are formed in the poly- 

30 silicon layer 40 to make a polysilicon mask as shown in 
Fig. 2D. 

At this point, the photo resist mask formed in the 
layer 42 is removed, and parts 52 and 54 of contact 
holes, as shown in Fig. 2E are etched by introducing 

35 any gas that etches the dielectric layer 38 faster than it 
etches the polysilicon layer 40. 

The partially completed contact holes 52, and 54 in 
Fig. 2E can be completed by adding a layer of photo 
resist in the locations indicated at 56, 58 and 60 of Fig. 

40 2F and by etching with gasses that etch polysilicon 
faster than they etch the dielectric of the layer 38. By 
removing the resist, a structure as shown in Fig. 2G is 
produced. The dielectric of the layer 38 is hardly 
affected when the exposed polysilicon is removed 

45 because the latter is so thin. 

The final etching is done with gasses that etch 
oxide faster than they etch the polysilicon so as to pro- 
duce contact holes 68 and 70 of Fig. 2H that have differ- 
ent cross-sections than would be attained by a single 

so etch. 

Fig. 21 shows contact holes 72, 74 and 76 of differ- 
ent shape that have been formed by the method first 
described. The layer 40 of polysilicon has been 
removed, and the contact holes filled with metal. The 
55 metal at the top of the holes 72, 74 and 76 has been 
chemically and mechanically polished in a plane 78, 
and a layer 80 of dielectric is formed on the surface 78. 
Other conductors that are like the conductors 32 and 34 
can be formed in the layer 80 and connected as 
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required through contact holes formed by the process 
just described beginning at Fig. 2A. 

Figs. 3A through 3E show steps in a method for 
forming a gate structure. Corresponding components in 
these figures are identified in the same way. The ele- 
ments of the gate are formed in a silicon substrate 82 
upon which are layers 84, 86, 88 and 90 of doped poly- 
silicon, a conductive sillicide, nitride or oxide and a layer 
of polysilicon having a thickness of 0.02 urn to 0.15 urn 
inclusive. A layer 92 of resist is formed on the polysilicon 
layer 90 and is formed into a resist mask having open- 
ings such as shown at 94 and 96 of Fig. 3C for identify- 
ing the locations of gate conductors. Gasses such as 
HBR, HCL or SF 6 are introduced into the openings 94 
and 96 so as to etch apertures 98 and 100 in the poly- 
silicon layer 90. Excess materials outside gate conduc- 
tors such as 102 and 104 shown in Fig. 3D are formed 
in the layer 88 of nitride or oxide using one of CHF3/CF 4 
and C 4 Fe/CF 4 ionized gasses, and the photo resist 
mask structure in the layer 92 is removed. Then the 
etching is continued down to substrate 82 as indicated 
by the dashed lines 106, 108, 110 and 112 so as to sac- 
rifice the polysilicon mask in the layer 90. 

Although various embodiments of the invention 
have been shown and described herein, they are not 
meant to be limiting. Those of skill in the art may recog- 
nize certain modifications to these embodiments, which 
modifications are meant to be covered by the spirit and 
scope of the appended claims. 

Claims 

1. A method for producing contact holes through a 
dielectric layer to an element of a solid state device 
comprising the steps of: 

forming a layer of polysilicon on the dielectric 
layer, the layer of polysilicon having a thickness 
between 0.02 urn and 0.15 urn inclusive: 
forming a layer of resist material on the layer of 
polysilicon, the layer of resist material having a 
thickness between 0.4 urn and 0.6 urn inclu- 
sive; 

forming openings in the layer of resist material 
at location where each contact holes are to be 
formed in the dielectric; 

etching apertures in the layer of polysilicon by 
exposing it to etching gas through the openings 
in the layer of resist material; and 
etching contact holes in the dielectric by expos- 
ing it to etching gas through the apertures in 
the layer of polysilicon. 

2. A method as set forth in claim 1 wherein the etching 
gas to which the polysilicon layer is exposed is one 
of HBR, H and F. 

3. A method as set forth in claim 1 wherein the dielec- 
tric layer is comprised of silicon oxide in contact 



with the layer of polysilicon and nitride in contact 
with the silicon oxide and wherein the gas used to 
etch the dielectric is a mixture of: C 4 F 8 ; of Ar, H and 
Ne; CO; and one of CF 4 and C 2 F 6 ; and 
5 wherein the layer of resist is removed before 

etching the contact holes. 

4. A method for forming contact holes for a device for 
use as one layer of a multilayered integrated device 

10 comprising the steps of: 

forming parallel conductors in the surface of a 
first substrate; 

forming a layer of dielectric on that surface; 

is forming a layer of polysilicon material having a 

thickness between 0.02 urn and 0.15 urn inclu- 
sive on the layer of dielectric; 
forming a first layer of resist having a thickness 
between 0.4 urn and 0.6 urn inclusive on said 

20 layer of polysilicon; 

forming openings only in said layer of resist 
where contact holes are to be made through 
the layer of dielectric; 

forming apertures in the layer of polysilicon by 
25 exposing it to an etching gas through said 

openings; 

forming a first portion of a contact hole in the 
dielectric by exposing it to an etching gas 
through the apertures; 

30 removing the first layer of resist in which the 

openings have been formed; 
forming a second layer of resist at selected 
areas of the now exposed layer of polysilicon; 
etching the exposed polysilicon with a gas that 

35 etches it faster than it etches the dielectric; and 

etching the dielectric with gas that etches it 
faster than it etches the exposed polysilicon so 
as to form a second portion of a contact hole 
that extends to a conductor. 

40 

5. A method as set forth in claim 4 further comprising 
the steps of: 

filling the first and second portions of the con- 
45 tact hole with metal; and 

polishing the metal so as to form a surface that 
is contiguous with a given surface of the layer 
of dielectric. 

so 6. A method as set forth in daim 5 further comprising 
the steps of: 

forming a second layer of dielectric on the 
given surface having parallel conductors 
55 therein; 

and forming contact holes in second layer of 
dielectric as set forth in claim 5. 

7. A method for forming contact holes for a gate elec- 
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forming a layer of doped polysilicon on the sub- 
strate; 

forming a conductive layer of sillicide on the 5 

layer of doped polysilicon; 

forming a dielectric layer of one of oxide and 

nitride on the layer of sillicide; 

forming a thin layer of polysilicon having a 

thickness between 0.02 um and 0.15 um inclu- 10 

sive on the dielectric layer; 

forming a layer of resist having a thickness 

between 0.4 um and 0.6 um inclusive on the 

thin layer of polysilicon; 

forming openings in the layer of resist at loca- is 
tions contact holes are to have; 
forming apertures in the thin layer of polysilicon 
by exposing it to etching gasses through the 
openings in the layer of resist; 
forming portions of a contact hole that only 20 
extend part of the way through the layer of die- 
lectric by exposing the dielectric layer to an 
etching gas through the apertures; 
stripping the layer of resist; and 
continuing the etching so as to sacrifice the 25 
layer of polysilicon and extend the contact 
holes to the substrate. 

8. A method as set forth in claim 7 wherein the etching 
gas used to form apertures in the thin layer of poly- 30 
silicon is one of HBr, HCI and F. 

9. A method as set forth in claim 7 wherein the etching 
gas used to form the contact holes is one of 
CHF3/CF4 and C4F8/CF4. 35 
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